Abstract. To elucidate the epidemic status, clinical profile, and current diagnostic issues of scrub typhus in Shandong Province, we analyzed the surveillance data of scrub typhus from 2006 to 2011 and conducted a hospital-based disease survey in 2010. Scrub typhus was clustered in mountainous and coastal areas in Shandong Province, with an epidemic period from September to November. The most common manifestations were fever (100%), eschar or skin ulcer (86.3%), fatigue (71.6%), anorexia (71.6%), and rash (68.6%). Predominant complications included bronchopneumonia, toxic hepatitis, and acute cholecystitis in 21.6%, 3.9%, and 2.9% of the cases, respectively. Severe complications including toxic myocarditis, heart failure, pneumonedema, pleural effusion, and emphysema were first reported in Shandong. Missed and delayed diagnosis of scrub typhus was common in local medical institutions. Alarm should be raised for changes of clinical features and current diagnostic issues of scrub typhus in newly developed endemic areas.
INTRODUCTION
Scrub typhus, a mite-borne rickettsiosis caused by Orientia tsutsugamushi, is widely endemic in the Asia-Pacific region, and it threatens a population of 1 billion people. 1 Although effective drug therapy is widely available, scrub typhus remains a severe public health problem, with increasing reports of drug-resistant strains of O. tsutsugamushi and travel-acquired cases. [2] [3] [4] [5] [6] [7] In China, the disease was once endemic only in the tropics and subtropics; however, it emerged in the temperate zone of northern China, with the first outbreak in Shandong Province (latitude 35 42 N) in 1986, 8 and it rapidly reached to latitude 49 30 N. 9 Hitherto, infection of O. tsutsugamushi has been found in at least 15 provinces, municipalities, and autonomous regions of northern China. 10 Because scrub typhus is not included in the list of notified infectious diseases in mainland China, lack of availability of nationwide surveillance data of the disease results in underestimation of its prevalence and hazard.
Shandong Province is considered as a typical endemic area of scrub typhus in northern China. As an emerging infectious disease, scrub typhus presented a trend of wide and fast spread in the past two decades. To heighten the surveillance of scrub typhus, direct network report of the disease was initiated by Shandong Diseases Reporting Information System (SDRIS) in 2006. The predominant genotype of O. tsutsugamushi was proved to be Kawasaki-like in mountainous inland. 11 A novel strain, which formed an independent clade in the phylogenetic tree based on partial coding sequences of 56-kDa antigen, was found in a recent study. 12 The vigilance of genetic variation of O. tsutsugamushi and development of ecotourism in Shandong have become new impetuses for better identification of epidemiological and clinical characteristics of scrub typhus. Drafting the geographic distribution and temporal trend and identifying new clinical characteristics are imperative for control and prevention of the disease in newly developed endemic areas.
Deaths caused by delay in diagnosis and treatment were not uncommon in scrub typhus patients. 13, 14 To prompt early diagnosis, guide subsequent therapy, and minimize the mortality of scrub typhus, current diagnostic issues are required to be identified, and effective strategies should be established.
The purpose of the present study was to identify changes in epidemiology and clinical profile, clarify current diagnostic issues of scrub typhus, arouse clinical awareness, and facilitate its diagnosis and prevention.
MATERIALS AND METHODS
Study site. Shandong Province, with an area of 157,000 km 2 and a total population of over 95 million, is located on the eastern coast of China (longitude 114 19 E to 122 43 E, latitude 34 22 N to 38 23 N) . It is in the lower reaches of the Yellow River, and it extends out to the Pacific Ocean in the form of the Shandong Peninsula, with a coastline of 3,121 km. It is mountainous in the center but mostly flat in the periphery. Shandong has a temperate and monsoonal climate (average annual temperature is 13.6-14.3 C; average annual precipitation is 543-845 mm). Considering the incidence and case distribution of scrub typhus in Shandong, stratified cluster sampling was adopted for questionnaire survey. In total, five districts (Gangcheng, Laicheng, Xintai, Yinan, and Yiyuan) from the inland and four districts (Jimo, Jiaonan, Donggang, and Wendeng) from coastal areas were randomly selected in this study.
Case definition. Coexistence of more than or equal to three of the following items can be used to diagnose a clinical case of scrub typhus: (1) a field exposure history 1-3 weeks before onset; (2) symptoms including high fever, lymphadenopathy, skin rash, splenomegaly, hepatomegaly, or multiorgan dysfunction; (3) typical cutaneous leisions (eschars or ulcers); (4) rapid defervescence with appropriate antibiotics; and (5) Weil-Felix OX-K agglutination titer 1:80. Confirmed cases were clinical cases with a positive result in immunoglobulin M (IgM) or IgG using a rapid immunochromatographic immunoassay or nested polymerase chain reaction (PCR) test targeting 56-kDa gene of O. tsutsugamushi.
Data sources. Surveillance data, including demographic information and onset place and date of reported cases of scrub typhus from 2006 to 2011, were obtained through SDRIS to describe the epidemiological characteristics of scrub typhus.
A structured questionnaire was used for scrub typhus cases that occurred during 2010 in the nine districts selected in the study. Four parts of content were included in the questionnaire: (1) demographic and socioeconomic information: sex, age, occupation, education level, and residential environment; (2) basic information on the course of disease: date and place of disease onset, main complaint, date and medical institution of the initial attendance and correct diagnosis, method for diagnosis, and outcome of the disease; (3) clinical manifestations and complications; and (4) laboratory findings. Medical records were retrospectively reviewed to get detailed information of disease progress.
Statistical analysis. A database was set up using the software EpiData 3.1 (Jens M. Lauritsen, Odense, Syddanmark, Denmark) after quality check of the original data. The accuracy was ensured with double data entry and logistic consistency check. SPSS 16.0 (SPSS Inc., Chicago, IL) was used for statistical processing. Continuous data were described as mean ± SD and analyzed by Student t tests in this study. Statistical significance of difference in the proportions among different groups was determined by χ 2 test or Fisher exact test. P values 0.05 were considered to be statistically significant (two-tailed).
Ethical statement. The study was approved by the Ethics Committee on Preventive Medicine of Shandong University. Informed oral consent was obtained from all the adult participants or the legal guardians of minors. Figure 1 . Linyi, Tai'an, Laiwu, Rizhao, Qingdao, Zibo, and Weihai were the top seven regions in reported case numbers, which accounted for 90.7% of all cases in Shandong. Monthly changes in the number of scrub typhus cases in Shandong revealed an epidemic period from September to November, with a peak in October ( Figure 2) .
RESULTS

Distribution
Of all the reported cases of scrub typhus, 84.6% were farmers; however, workers, preschoolers, students, retirees, and staff from other occupations were also involved. Among the total cases, 826 cases (48.0%) were males, and 896 cases (52.0%) were females. The age of patients ranged from 7 months to 91 years, with a median age of 54 years. Patients above the age of 40 years made up 80.0% of the total patients. The sex ratio (male:female) of patients 19 years was 1.6:1, whereas the ratio of patients 19 years was 0.9:1. Significant difference was shown in sex between the two age groups (P = 0.003).
Clinical findings. A total of 102 confirmed cases (43 cases from coastal areas and 59 cases from inland areas) was recruited in the study, of which 90 cases (88.2%) had been admitted to the hospital; 100 patients had IgM antibodies for scrub typhus, and 15 patients had IgG antibodies.
All the cases responded well to chlorampenicol, tetracycline, doxycycline, azithromycin, and fluoroquinolones, and they all recovered from illness. All patients had fever, of which 36 patients (35.3%) had continued fever, 24 patients (23.5%) had remittent fever, 35 patients (34.3%) had irregular fever, and 7 patients (6.9%) were unclear of the fever type. The duration of fever varied from 1 to 17 days (average = 6.6 days), with the average highest body temperature of 39.2 C. The six major manifestations were eschar or skin ulcer (86.3%), anorexia (71.6%), fatigue (71.6%), rash (68.6%), headache (62.7%), and generalized myalgia (47.1%) ( Table 1) .
Eschar distribution of scrub typhus patients is shown in Table 2 . Front chest, superior abdomen, and axilla were the most preferential sites for eschar formation. The preferential sites for eschar formation in males and females in coastal areas are different from those sites in males and females in mountainous inland areas. The average diameter of the eschars was 7.05 (±4.23) mm. Scattered erythroic or bolarious maculopapulae were observed in 68.6% of the patients with or without itching.
Thirty-six cases developed complications in the process of disease, with respiratory, alimentary, and circulatory systems involved (Table 3) . Bronchopneumonia was the most common complication of scrub typhus in Shandong, which was observed in 21.6% of the total patients, followed by toxic hepatitis (3.9%) and acute cholecystitis (2.9%).
Difference was significant in the presence of eschar or skin ulcer (P = 0.023), liver percussion pain (P = 0.024), chill (P = 0.008), cough (P = 0.023), and complications (P = 0.016) between patients from coastal and inland areas.
Laboratory findings. Laboratory findings of scrub typhus cases are shown in Table 4 . Over 17% of patients had abnormal white blood cell (WBC) count, and 26.8% of patients had abnormal platelet count. Elevated erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) were present in 61.5% and 86.4% of patients, respectively. Most patients had a normal serum creatinine (Scr) and blood urea nitrogen (BUN) levels. Abnormality in liver function was common. Increased aspartate aminotransferase (AST) and alanine aminotransferase (ALT) occurred in 75.0% and 80.3% of the total cases, with the mean serum levels of 96.97 and 105.61 IU/L, respectively. Over one-half of patients had hypoalbuminemia, and 95.5% of patients had a decreased albumin/globulin (A/G) ratio.
Difference was statistically significant in ALT level and percentage of lymphocyte (LYM%) between patients from coastal areas and mountainous inland areas. The mean levels of ALT in patients from coastal areas and mountainous inland areas were 62.71 and 137.0 IU/L, respectively (Student t test, P = 0.003), and the mean levels of LYM% were 41.1% and 32.7%, respectively (Student t test, P = 0.040).
Increased bronchovascular shadows were observed in 15.7% of patients on chest X-rays or computed tomography. Fifteen patients had an abnormal electrocardiogram (ECG), of which 33.3% of patients had T-wave change, 26.7% of patients had ST-T change, 26.7% of patients had complete or partial bunch branch block, 13.3% of patients had sinus bradycardia, 6.7% of patients had premature ventricular extrasystole, and 6.7% of patients had abnormal q-wave.
Diagnostic issues. According to SDRIS, 20 of the reported cases from 2006 to 2011 had been initially misdiagnosed as epidemic or murine typhus, hemorrhagic fever with renal syndrome, typhoid, and human granulocytic anaplasmosis before correct diagnosis of scrub typhus.
Weil-Felix OX-K agglutination reaction was performed on 27 (26.5%) subjects, and 10 of these subjects turned out to have an agglutination titer 1:80. No accurate diagnostic tests were available in hospitals in Shandong Province.
It took 4 days to seek medical service after the disease onset for over one-third of the patients. Less than one-quarter of cases received diagnosis of scrub typhus on the first day of their visit to the clinic/hospital, whereas it took 4 days for 58.0% of the patients to receive correct diagnosis. The average time lag between initial clinic/hospital visit and diagnosis was 3.8 days (range = 0-22 days). Approximately 68% of the patients received correct diagnosis and appropriate drug therapy in the first 1 week of disease progress. No difference was statistically significant in the time lag from disease onset to correct diagnosis between patients from coastal and inland areas. We figured that 63.4% of the subjects went to clinics in villages as their first choice when they felt malaise; however, none of them got accurately diagnosed. The other 15.8%, 15.8%, and 5.0% of patients chose township health centers, county hospitals, and municipal hospitals, of which the accurate diagnostic rates were 37.5%, 87.5%, and 100%, respectively. Of all the subjects, 97 subjects (95.1%) knew little about scrub typhus, and none of them knew about prevention before the onset of disease; 66 cases (64.7%) were not informed of any preventive measures for scrub typhus by the doctors during their clinic/ hospital visits.
DISCUSSION
Scrub typhus is ubiquitous in rural areas, and it experienced a rapid increase in Shandong in the past two decades. Mountainous inland and coastal areas are two epidemic centers of scrub typhus. A similar pattern of geographic distribution was reported in Taiwan. 15 It may be ascribed to the specific geographic and climatic conditions under which the transmission chain of scrub typhus works.
Scrub typhus has been recognized as one of the leading causes of fever of unknown origin (FUO) among farmers. It may result from the poor sanitary condition in rural areas and long-time field activities of farmers, especially during harvest time, which increased chances of infestation by chigger mites harboring O. tsutsugamushi. Seasonal distribution of scrub typhus cases was consistent with the fluctuation of Leptotrombidium scutellare, which was confirmed as the dominant mite during autumn in Shandong. 16 We suggest that rodents and breeding areas of mites be eradicated and preventive measures be taken before and after outdoor activities in endemic areas to minimize the possibility of infestation by chiggers.
The clinical presentations of scrub typhus were nonspecific and similar to some other acute febrile diseases, including epidemic or murine typhus, hemorrhagic fever with renal syndrome, typhoid, and human granulocytic anaplasmosis, resulting in difficulties in differentiation. Eschar serves as a luminous clue for diagnosis of scrub typhus and differentiation from other causes of FUO mentioned above; however, some echars may be too small to be detected, and most of them form in skin folds and usually cause no abnormal sensation. Eschar was not found in 13.7% of the patients in this study. It is possible that the patients missed the optimal time for physical examination, and patients infected with some genotypes or low loads of O. tsutsugamushi that did not form eschar were reported. 17, 18 Additional research is needed to clarify the relationship between clinical features and genotypes and loads of the pathogen. The distribution pattern of eschar in scrub typhus patients in this study was different from the pattern in Mengyin County, but it was very similar to the pattern reported in South Korea. 19, 20 Patients without eschar have potential risk of developing severe complications for delayed medical care. 21 Identification of preferential sites of eschar formation in different endemic areas and thorough physical examination could facilitate its detection, allow early diagnosis, and avoid severe outcomes.
Scrub typhus has been reported in many areas of northern China since the first outbreak in Shandong, including Jiangsu, Tianjin, Shanxi, Hebei, Henan, and Anhui. 10 These cases mainly occurred in autumn and winter. Fever, headache, fatigue, anorexia, eschar or skin ulcer, and rash were common manifestations of scrub typhus. However, certain clinical differences were identifiable among these areas. Prevalence of eschar or skin ulcer was lower in Shandong than in Shanxi (100%) but higher than in Tianjin (62.8%) and Anhui (67.3%). [22] [23] [24] The presence of lymphadenopathy was much less common in Shandong than in Shanxi (80.0%) and Tianjin (73.7%). 22, 23 However, a higher prevalence than the other areas in northern China of bronchopneumonia was noted in Shandong (3.9-16.7%). 22, 24 Additionally, elevated CRP was much more commonly detected in patients in Shandong than in patients in Anhui (28.0%). 24 Yonchon was the predominant genotype of O. tsutsuagmushi in Shanxi. 22 Anhui isolates had an nucleotide identity of 99% with Shandong isolates, all of which belonged to the Kawasaki genotype. 12, 24 Differences in clinical features among the endemic areas may be attributed to the prevalent genotypes of O. tsutsugamushi.
Clinical features between coastal areas and mountainous inland areas were different, but the causes are still unclear. The percentage of cases with complications was much higher in coastal areas than mountainous inland areas, suggesting that it is a more serious clinical problem in coastal areas. More A/G ratio = albumin/globulin ratio; α-HBDH = hydroxybutyrate dehydrogenase; ALT = alanine aminotransferase; AST = aspartate aminotransferase; BUN = blood urine nitrogen; CK-MB = creatinine kinase-MB; CRP = C-reactive protein; EO% = percentage of eosinophilic granulocyte; ESR = erythrocyte sedimentation rate; LDH = lactate dehydrogenase; LYM% = percentage of lymphocyte; Ni = case number with abnormal result; Nt = case number taking tests; Scr = serum creatinine; WBC = white blood cell.
severe scrub typhus in newly endemic areas may be associated with the higher virulence and loads of O. tsutsugamushi carried by chiggers, lack of immunity of populations, and delay in diagnosis and treatment. The predominant genotype of O. tsutsugamushi in patients from mountainous inland areas of Shandong was Kawasaki type, 11 which exhibited a low virulence, 25 and it was consistent with the less severe clinical outcomes. Thus, much information remains to be gathered about the transmission cycle of scrub typhus in newly developed epidemic foci in coastal areas.
A few complications were first reported in Shandong in the present study, including gastritis, pleuritis, cholecystitis, emphysema, pneumonedema, pleural effusion, toxic myocarditis, and heart failure, and some of these complications are life-threatening. Meningoencephalitis, 26 gastrointestinal bleeding, acute renal failure, acute hepatic failure, acute respiratory distress syndrome, 27 hearing impairment, 28 opsoclonus, 29 and pancreatic abscess 30 were not found in our study. It was reported that serious complications often developed in the second week during the course of untreated cases. 31, 32 In the present study, 32.4% of the patients did not receive correct diagnosis and appropriate treatment until the second week after onset, which may partly explain the occurrence of severe complications in Shandong patients. Empirical treatment should be administered to the patients suspected of scrub typhus at their first visit to clinics or hospitals in case of poor prognosis.
Antimicrobial resistance in scrub typhus patients was reported in northern Thailand, and naturally occurring drugresistant strains of O. tsutsugamushi were isolated thereafter. 2 Drug refractory cases have not been reported in Shandong or other areas of northern China, which may be partly because of the widely combined use of antibiotics. However, the emergence of drug-resistant strains of O. tsutsugamushi is alarming under the condition of antibiotic abuse in clinical therapy. Although fluoroquinolone was effective for a few patients in the study, we suggest that it not be taken as a first choice; there is intrinsic resistance in O. tsutsugamushi, and there is the possibility of higher fatalities in treating severe cases. 33, 34 Weil-Felix OX-K agglutination reaction is the only test generally available for detecting scrub typhus in hospitals in Shandong Province, but low sensitivity hampers its clinical application. Methods of higher sensitivity and specificity, including indirect immunofluorescence assay, 35 PCR, [36] [37] [38] and immunohistochemistry, 39 are limited in primary medical institutions, because they require expensive equipment or well-trained staff. A gold conjugate-based rapid diagnostic test was recommended in rural areas for its high sensitivity and convenient usage. 40 The village clinic was the first choice for medical service for over one-half of the patients. However, the diagnostic accuracy for scrub typhus in village clinics and township health centers was much lower than the accuracy in county and municipal hospitals. It was implied that a substantial proportion of scrub typhus cases were misdiagnosed because of lack of awareness and unavailability of accurate diagnostic tests. When proper laboratory tests are provisionally unavailable, a training program for the medical staff is imperative. Patients in Shandong knew little about scrub typhus, and they were not informed of preventive measures of the disease by their doctors. This finding revealed a schism between clinical medicine and public health in local areas. Physicians should actively publicize effective preventive measures to scrub typhus patients to prevent them from reinfection and reduce the incidence in endemic areas.
The present study has some limitations. Hospital-based surveys could not avoid selection bias; patients with less severe clinical symptoms who did not attend clinics or hospitals were not included in the assessment of clinical profile. Additionally, clinical information was retrospectively retrieved from the medical records, and a few items concerning laboratory tests were not integrated in all of the subjects.
In summary, scrub typhus should be suspected in patients with fever and eschar, particularly those patients with a history of exposure to endemic areas during autumn and winter in Shandong. Alarm should be raised on scrub typhus patients in case of severe complications. The study emphasizes the need for a training program for medical staff and accurate and convenient laboratory tests in local medical institutions to prompt early diagnosis. Results of the present study are instructive to those newly endemic areas with similar geographic and climatic conditions as Shandong. Additional surveillance of changes of epidemiological and clinical features and investigation of pathogenic characteristics of scrub typhus are required, especially in unstable endemic areas that have newly developed and lack information.
